The rest frame spectral peak energy and the Lorentz factor of the bulk motion of gamma-ray bursts for a current sample of jets, suggested by the break time observed in the afterglow light curve, are estimated, assuming that the prompt emission is beamed. We take Γ jet ≃ 1/θ jet and adopt the law of Γ(t) ∝ t −3/8 to estimate the Lorentz factor at the time of the beginning of the afterglow, t af t . We collect the earliest time when the afterglow is detected, t early , and the duration of the prompt emission, t dur , and then allow them to represent t af t respectively. When taking t af t ≃ t dur , the results are statistically reasonable. We find in this situation that the Lorentz factor of this sample would peak at 200 and would be distributed mainly within (100, 400), and the peak of the distribution of the rest frame peak energy would be 1keV and its main region would be (0.3keV, 3keV ). Logarithmic distributions of the two quantities are well fitted with a Gaussian. By comparing the two well-known mechanisms we find that, during the epoch of the afterglow, the dominated process is likely to be adiabatic rather than radiative.
Introduction
One of the recent exiting discoveries in gamma-ray bursts (GRBs) is the break detected in the afterglow light curve of some bursts which could be interpreted as a consequence of the beamed emission (e.g., . If the afterglow emission is beamed, how is the prompt emission? Whether the latter emission is isotropic or strongly beamed in our direction has been an open question for some years. As mentioned in , this question has implications on almost every aspect of the phenomenon, from the energetics of the events to the engineering of the inner engine and the statistics and the luminosity function of the sources. Frail et al. (2001) studied a sample of GRBs with good afterglow follow-up and known redshifts. They interpreted the breaks in the scenario of the beamed model and found that most bursts with large values of the isotropic-equivalent gamma-ray energy, E iso , possess the smallest beaming fraction, f b = 1 − cos θ jet . The collimation-corrected energy, E γ = f b E iso , of this sample is strongly clustered. This was independently confirmed by Panaitescu & Kumar (2001) . Bloom et al. (2003) collected a larger sample of GRBs and found that the distribution of E γ clusters around 1.3 × 10 51 ergs. All these were regarded as evidence supporting the beamed emission scenario.
The isotropic gamma-ray energy E iso was found to be correlated with the cosmological co-moving frame peak energy E p by different authors (see, e.g., Lloy-Ronning et al. 2000; Amati et al. 2002a; Schaefer 2003; Lamb et al. 2004; Yonetoku et al. 2004 ). More recently, Ghirlanda et al. (2004) found a tight correlation between E γ and E p , which sheds light on the still uncertain radiation processes for the prompt GRB emission.
In computing E γ , it is essential that the beaming fraction is available. According to , the opening angle of the jet can be calculated with
in the case of a homogeneous circumburst medium, where B is a constant which can be found in Friedman & Bloom (2004) , t jet is the afterglow jet break time, z is the redshift, ξ is the efficiency for converting the explosion energy to γ-rays, n is the density of the ambient medium, and E iso is the energy in γ-rays calculated assuming that the emission is isotropic. This enables us to estimate the opening angle of jets and with it to peep into other parameters associated with the mechanism of radiation.
In the following we investigate how to estimate the rest frame spectral peak energy and the Lorentz factor of the bulk motion of GRBs when the opening angles of jets are available.
As an application, we study a GRB sample for which the redshift and the break time in the afterglow are known. A brief discussion is also presented.
Formulas employed
Let m be the mass of the ejecta of a burst, and Γ, Γ af t and Γ jet be the bulk Lorentz factors of the ejecta measured at the prompt emission epoch, the start time of the afterglow, and the time when the break appears, respectively. According to the conservation of energy, the following relation could approximately hold:
It is clear that when all the explosion energy is converted to γ-rays, we have ξ = 1 and then Γ af t = 1, and when none of the explosion energy is changed to radiation, we get ξ = 0 and then Γ af t = Γ. Thus, one always finds 1 < Γ af t < Γ. During the period of the afterglow, when the external matter is homogenously distributed, the Lorentz factor would decline following the law of Γ(t) ∝ t −p , where p = 3/7 in a radiative phase and p = 3/8 in an adiabatic phase (see, e.g., Piran 2005 ) . Thus, we get Γ af t = (t jet /t af t ) p Γ jet , where t af t is the start time of the afterglow. According to the beamed model, a break in the afterglow light curve of the burst would appear when its bulk Lorentz factor becomes of the order of 1/θ jet , i.e., Γ jet ≃ 1/θ jet . We then come to
For ξ < 1, we get from equations (2) and (3) that
As is generally assumed, the jet of bursts is strongly beamed in our direction so that the emission is detectable due to the great Doppler boosting (see, e.g., . According to the Doppler effect, a photon of E 0 emitted from the area of θ = 0 within the spherical surface of a uniform jet which moves outwards with a bulk Lorentz factor Γ would be blue-shifted to E = 2ΓE 0 . In the case of photons being emitted from a certain area with a rest frame Band function (Band et al. 1993 ) spectrum which peaks at E 0,p , the spectrum would be blue-shifted and would peak at E p which is proportional to E 0,p (see Qin 2002  Table 4 where E p = 1.67ΓE 0,p can be concluded). Neglecting the minute difference we take in the following that E p ≃ 2ΓE 0,p . Following , we consider through out this paper only an adiabatic phase and then take p = 3/8. Thus, from equation (4) we get
Presented in Friedman & Bloom (2004) are 52 GRB or XRF sources (the so-called FB sample) where their redshifts as well as the gamma-ray fluences are available. The isotropic energies E iso were calculated assuming a standard cosmology of (Ω M , Ω Λ , h) = (0.3, 0.7, 0.7). For some of these sources, break times t jet are available, and then with equation (1) the opening angles θ jet of the sources could be well determined, where ξ = 0.2 is assumed (see also Frail et al. 2001) . According to equations (5) and (6), to calculate Γ and E 0,p for these sources we need to know t af t as well.
The problem is that when one detects an afterglow, it might have occurred for some time. Nevertheless, since the prompt emission is taken as ξmc 2 (Γ − 1) (see last section), the afterglow emission must be that radiated well after the prompt duration of the bursts. We therefore have
where t dur is the duration of the prompt emission and t early is the earliest time when the afterglow is detected. Applying condition (7), we then have
and
with Γ 1 ≤ Γ ≤ Γ 2 and E 0,p,1 ≤ E 0,p ≤ E 0,p,2 . Note that Γ 1 and E 0,p,2 are calculated with t early , while Γ 2 and E 0,p,1 are determined by t dur .
Listed in Tables 1 and 2 are the values of t dur and t early for the sources of the FB sample with t jet , θ jet , and E p available. Both t dur and t early are measured in various bands. We adopt the largest value of t dur to calculate Γ 2 and E 0,p,1 and take the smallest value of t early to calculate Γ 1 and E 0,p,2 . The results are presented in Table 3 . Fig. 1 are the relations between E 0,p,2 and Γ 1 , and between E 0,p,1 and Γ 2 . It shows clearly that log E 0,p,2 and log Γ 1 are obviously anti-correlated while log E 0,p,1 and log Γ 2 are not correlated at all. An anti-correlation between log E 0,p and log Γ suggests that the fast the expanding speed of the bursts the smaller value of the rest frame peak energy, which sounds unnatural. Instead, the un-correlation between log E 0,p and log Γ seems more reasonable (it suggests that the rest frame peak energy is strongly associated with the mechanism rather than with the expansion speed). Due to this, we discuss in the following only quantities E 0,p,1 and Γ 2 . Fig. 2 are the distributions of E 0,p,1 and Γ 2 . The distributions of the two quantities look like a Gaussian in the logarithmic scale. A fit with a Gaussian yields: χ 2 ν = 1.08 for the distribution of log E 0,p,1 and χ 2 ν = 0.69 for that of log Γ 2 . The rest frame peak energy peaks at E 0,p,1 = 1keV and is mainly distributed within (0.3keV, 3keV ). The Lorentz factor peaks at 200 and it is found mainly within (100, 400), which is very narrow.
Implication of the results
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As Fig. 3 shows, there is a very tight correlation between E 0,p,1 and E p : log E p = (0.897 ± 0.068) log E 0,p,1 + (2.561 ± 0.037). Note that, relation E p ≃ 2ΓE 0,p itself could not guarantee the correlation, since if it did, it should also lead to a correlation between E 0,p,1 and Γ 2 , but this is not true (see Fig. 1b ). The correlation between E 0,p,1 and E p must arise from mechanisms other than the Doppler effect.
Conclusions
In this paper the rest frame spectral peak energy as well as the Lorentz factor of the bulk motion of GRBs for a sample for which the redshift and the break time in the afterglow are available are investigated. The sample employed is that presented currently by Friedman & Bloom (2004) (the FB sample). Following the beaming scenario, the bulk Lorentz factor of a burst at the break time in its afterglow is taken as Γ jet ≃ 1/θ jet and then the Lorentz factor at the beginning of the afterglow is estimated with the law of Γ(t) ∝ t −3/8 , where the time of the beginning of the afterglow, t af t , is applied. We assume that t dur ≤ t af t ≤ t early , where t dur is the duration of the prompt emission and t early is the earliest time when the afterglow is detected. In this way, lower and upper limits of the rest frame spectral peak energy and the Lorentz factor of the bulk motion of bursts are estimated.
Our analysis shows that the upper limit of the Lorentz factor Γ 2 peaks at 200 and is distributed mainly within (100, 400), and the peak of the distribution of the lower limit of the rest frame peak energy is E 0,p,1 = 1keV and its main region is (0.3keV, 3keV ). Both logarithmic distributions of the two quantities are well fitted with a Gaussian. (Note that the two quantities are derived from the same observable t dur .)
As the lower limit of the Lorentz factor and the upper limit of the rest frame peak energy (they are derived from the same observable t early ) are obviously anti-correlated, they are unlikely to be true (see what discussed above). We suspect, for most sources, t early might be significantly larger than t af t as the afterglow is not promptly observed due to the bad location of the event. On the contrary, t dur might be quite close to t af t . This is supported by the observation of GRB 030226, for which one finds t early < t dur , and also by the observation of GRB 021004, for which, t early is only several times larger than t dur (see Tables 1 and 2) . It is thus likely that the bulk Lorentz factor of the bursts could be represented by Γ 2 .
It is known that, a large value of the Lorentz factor, Γ > 100, is essential to overcome the compactness problem (see, e.g., Piran, T. 2005 ) . As individual cases, the optical flash accompanying GRB 990123 provided a direct evidence for a large Lorentz factor Γ ∼ 100 . Statistically, Mallozzi et al. (1995) found that the average value of E p for 82 bright bursts is ∼ 340keV . Taking E 0,p = 1keV and adopting E p ≃ 2ΓE 0,p , we find that the average Lorentz factor of these bursts would be ∼ 170, which is consistent with what we obtained above. Preece et al. (2000) revealed by the analysis of high time resolution spectroscopy of 156 bright bursts that the main range of E p for these sources could be found to be within ∼ [100, 800]keV . This would lead to a range of Γ ∼ [50, 400] when adopting E 0,p = 1keV and E p ≃ 2ΓE 0,p , which is also in agreement with what we find in this paper.
We suspect that, a very strong shock might produce higher energy photons, which is characterized by a large value of E 0,p , and this wold lead to a large value of E p (note that, as shown above, the Lorentz factor does not change much for different sources). We make a statistical analysis for E γ and E 0,p,1 and find that they are indeed obviously correlated (the figure is omitted). We then understand why E γ is correlated with E p . It is because that strong shocks produce large values of both E γ and E p , whereas weak shocks lead to smaller values.
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